one TNF trimer at the interfaces formed between the TNF
The overall fold of other death domains were found monomers ( Figure 2A ). There are two principal regions of to be similar to the Fas death domain with only minor contact in the complex that involve loops from the secdifferences in the length and orientation for some of ond (50s loop) and third (90s loop) cysteine-rich domains the ␣ helices (Liepinsh et al., 1997; Jeong et al., 1999). of the TNF receptor and two distinct regions of TNF␤.
However, the manner in which death domains or modOn the basis of the structure of the TNF␤/TNF-R1 comules with similiar folds interact with one another was plex, a model was proposed for TNF-mediated signaling found to be different. This was recently illustrated in the in which the TNF trimer induces trimerization of the re-X-ray structure of a complex between the interacting ceptor, which causes the cytoplasmic regions of the domains of the serine/threonine kinase Pelle and the receptor to form a cluster. The cytoplasmic region of adaptor protein Tube that recruits Pelle to the plasma TNF-R1 and other death receptors contain death domembrane during Drosophila embryogenesis ( sixth ␣ helix in Tube were found to play a critical role However, there are some important differences that dein complex formation for these proteins such that the fine the binding specificities observed within these famibinding interface involves a unique surface that is not lies of ligands and receptors. Unlike the TNF receptor even present in other death domains. that contains four extracellular cysteine-rich domains,
The death effector domain of FADD ( Figure 3B ) adopts DR5 contains only two CRDs, which correspond to doa fold that is similar to that of the death domains (Ebermains 2 and 3 of TNF-R1. CRD2 of DR5 interacts with stadt et al., 1998). However, mutations in the Fas death TRAIL in a similar fashion as observed for the corredomain that inhibit the binding of Fas to FADD have no sponding residues in the TNF-␤/TNF-R1 complex (Figeffect when introduced in the FADD DED. In contrast to ure 2). However, CRD3 of DR5, when bound to TRAIL, the charged surface of the Fas DD, the FADD DED has adopts a different relative orientation compared to two hydrophobic patches. One of these patches con-CRD3 of TNF-R1 in the TNF␤/TNF-R1 complex and tains a conserved set of hydrophobic residues that is forms a different set of interactions. The binding speciimportant for its apoptotic activity and binding to the ficity observed in the TNF receptor superfamily could be DEDs of procaspase-8. important for developing selective therapeutic agents.
The three-dimensional structures of RAIDD CARD Unlike TNF and Fas ligand, which are highly toxic, TRAIL 
In addition to providing information on the possible
Regulators of Apoptosis mechanisms of activation, the X-ray structures of casSeveral proteins have been discovered that regulate pase/inhibitor complexes revealed the structural basis apoptosis. In cancer, the levels of these proteins are for the observed substrate specificity. The requirement often altered to allow cancer cells to stay alive even for an aspartic acid at the P 1 position in all substrates though the cell death pathways have been triggered. and substrate-based inhibitors could be explained by Moreover, viruses have engineered mimics of these prothe favorable interaction of this aspartic acid with two teins that allow the host cell to stay alive long enough highly conserved arginines and a glutamine. In casfor the virus to replicate. Thus, these proteins serve as pase-3, these residues correspond to Arg64, Arg207, possible targets for the regulation of apoptosis. and Gln161 (Figure 6 ). The differences in substrate specIAPs ificity within the caspase family can also be explained
The inhibitor of apoptosis (IAP) family of proteins reprefrom the X-ray structures. In caspase-1, the P 4 binding sent an important class of regulators of programmed cell site (S 4 subsite) is a large hydrophobic pocket that can death. They were initially discovered in baculoviruses accommodate several residues. In contrast, caspase-3 where they were found to inhibit apoptosis in host cells has a relatively narrow pocket that forms hydrogen during viral infection ( 
, 2000). residue of the catalytic triad is irrelevant, which is consis-
The NMR structure of a BIR2-containing portion of tent with the observed interaction involving a backbone XIAP that inhibits caspase-3 has been recently detercarbonyl. In addition to the importance of the histidine mined (Sun et al., 1999) . The structure of the BIR2 domain of XIAP consists of a three-stranded antiparallel as a general base in the reaction mechanism, the same are the Bcl-2 family of proteins. Members of this family, To determine which amino acids of XIAP are responsible such as Bcl-2 and Bcl-xL, can inhibit apoptosis, whereas for its antiapoptotic activity, site-directed mutants of others promote cell death (e.g., Bax, Bak, Bad, and Bid).
XIAP were prepared and tested for their ability to inhibit
The antiapoptotic proteins interact with the proapocaspase-3. Surprisingly, the residues found to be most ptotic family members to form heterodimers that moduimportant for caspase-3 inhibition are not in the BIR late each other's activity. In fact, the relative levels of domain but in the linker region between the BIR1 and these proteins in a cell determine whether a cell will live BIR2 domains. Based on NMR studies on the interaction or die ( 
